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ABSTRACT 

This study identif iea information requirements for  effective management 

and conservation of oy-tr Coastal Zones, and determined what significant 

problem-oriented data could best  be provided by space platforms. 

Information needs were classified into the major priori t ies  of Pollution, 

F i she r i es ,  Hazards to Shipping and Coastlines, and Geography/l+Tydrology/ 

Cartography. Experiment requirements  and associated missions were  inde- 

pendently developed for each of these, and for a multi-priority mission, 

Optimum and minimum sensor payload groupings and corresponding 

requirements  were developed fo r  each priority. The mer i t  of performing 

the selected missions was also established. 

The resul t s  of the study show that there is a. significant need fo r  Pollution 

and F i she r ies  dedicated payloads. F o r  coastal Geography/Hydrology / 
Cartography, there a r e  requirements that EOS A /I$'could fulfill and . 

which will not be provided by other spacecraft  in the 1974-76 t ime f rame.  

A mission dedicated to the Hazards priority would not provide significant 

additiocnal irdormation beyond that current ly planned by other spacecraft  

programs.  

.@. I t -  

Throughout the repor t  EOS A / B  is referred to as ERTS E /F, 



A stud-if. examlining the potential utility of spacecraft in -meeting critical 

needs for  data in the coastal  zone was undertaken by TRW Systems Group 

under NASA Contract NAS1-10280. A colnprehensive analysis of coastal  

zone oceanographic data  needs was performed, and spacecraf t  missions 

were recommended that would contribute most  significantly to four major  

pr ior i ty  i ssue  categories;  coastal  Pollution, F i she r i e s ,  Hazards to 

shipping and coastlines, and coastal  Geography, Hydrology and C artog- 

r aphy . 
The coastal  zones, for  the purposes of this study, a r e  defined to  be those 

regions influenced by the transit ion between land and the sea.  That is ,  

the breadth of the coastal  zone i s  determined by: 

1)  All land and water inland to the l imit  of tidal action, 
including inland seas ,  such a s  the Great Lakes,  and 

2) Seaward to the l imi t  of land derived influence. 

Specifically the study objectives were  

r, definition of coastal  zone information needs 

e determination of information needs that can  be provided 
by EOS A/B 

o definition of space experiment requirements  

establishment of sensor  concepts and orbital  requirements  

e definition of missions and their  relevancy to national 
priority i ssues  

The principal a i m  of the study was to determine what, if any relevant 

problem-oriented information can  be best provided by a spacecraf t  

dedicated to the coastal  zones in the 1974 to 1976 t ime f r ame .  Thus, 

the study was not directed toward determining what types of c lass ica l  

oceanographic data can  be acquired by a space platform but toward 

ascertaining the problems confronting the coastal regions and how 

b e s t  can a satellite be used toward solving these problems. 



The study corn-menced with the central  theme of coastal zone management 

and conservation, to which all types of oceanographic data will be applied. 

Thf s requi res  information in  four broad categories:  

1. Baseline description of the coastal  zone 

2 ,  Continuously updated summary  of human activity 

3 .  Mutual interaction of man  and the ocean 

4. Plans a n d d e s i r e s  of man relative t o t h e  coastline. 

Problem a reas  can be categorized such a s  mentioned above, but they 

a r e  highly i terat ive and overlap in  countless details. This i s  demonstrated 

by the resu l t s  of the study. 

The approach taken in developing information requirements  and respective 

missions was to independently consider each priority.  A capsule summary  

of the study approach is  given below and a r e  i l lustrated in Figure 1. 

r, General information needs for  the high-priority coastal  
i s  sues  (Pollution, F isher ies ,  Hazards to navigation and 
coastl ines,  and Geography, Hydrology and Cartography) 
were  identified, 

The general all-inclusive national needs were then broken 
down into more  specific implied information needs. Major 
information needs - -  cri t ical  to the national pr ior i t ies  - -  
were  distinguished f r o m  minor or  noncritical specific 
information needs. 

r, Physical phenornena which require  investigation to meet  
the specific information needs were  next identified. 

r, Proper t ies  of the phenomena of interest  which a r e  amenible 
to measurement  were  t abda ted  in mat r ix  fo rm,  These 
"environmental measurables"  were  enumerated without 
r ega rd  to  the manner i n  which the measurement  i s  rnost 
appropriately made, be i t  f r o m  shipboard, ground station, 
a i r c  ra i t  or satell i te,  

e Environmental rneasurables which mer i t  consideration 
for  their  potential for  sensing f r o m  a space jplatform 
were  identidi ed ,  Certain of these t9"re-mode space 
observables" related rsnliy indirectly to the phenomena 
of interest, and we r*e approprrate desigi~ated, '1 hese 
remote space observables were  arranged in  maririces 
according to the appropriate general type of electromagnetic 
sensing device, 
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MISSION SYNTHESIS 

C - A  

a>., .,I % :, 

Figure 1. Study Approach Schematic 



Rerfis-Le measurervient requirements w e r e  quantified on 
a judg-z?,mep;tal basis by the TBW sspecidists in  relevant 
f ie lds  of technology, Requirements were specified 
according erl~ jnform~a-kioa needs and without regard to 
orbit ronsiderat i~ns ; accordingly* they represented ideal 
vduer; for optimum data measurements  . 

e The completed logic t ra ins  linking informal50n needs to  
remode space  observables,  together with the detailed 
tabulations of measurement  r equirernents w e r e  distributed 
t o  representa t ives  in  the user  community (Table 1). Their 
sraggesti~ns f o r  correct ions and additions wer e taken into 
consider ation, 

Measurement  requirements  that a r e  likely to  be accom- 
modated by other space programs of expected operational 
s t a tus  during the EOS A / B  time f rame  were  eliminated and 
a f inal  working tabulation of requirements was made, 

e Fromthemeasurementrequirements tableshis tograms 
w e r e  generated giving a pictorial presentation of require- 
ments. Using the histograms and basic requirements,  
maximum and minimum sensor performance requirements 
w e r e  developed for  each priority (Table 2 is given a s  an 
example f o r  one sensor  category),  These requirements 
provided guidelines to aid the sensor  special is ts  in  their 
evaluation of the various calldidate sys tems,  

a, The widest  range of sensor  concepts were  evaluated f ~ r  
%heir ability t o  meet  minimum and maximum performance 
g o d s .  

s P a r a m e t r i c  orbital  analysis were  performed taking 
such fac to r s  into consideration as  : global .areas to  be 
viewed, frequency of coverage, sun- angle constraints, 
orb i ta l  drag, ground station visibility, and sensor  
cons t ra in ts ,  

e Analyses were made of needs fo r  supporting measurements ,  
both i n  the sense of ground truth requirements  for  calibra- 
t ion and interpretation of sensor  output. 

e Data r a t e s  and total daily data load were  calculated on 
the bas i s  of mission character is t ics  (e ,  g., sensor  data 
outputs, coverage, requirements,  etc. ). 

e Data-link bandwidtkrs and data storage requirements were 
de termined on the basis of a review of the state of the a r t  
i n  data h a r ~ a i n g  technology, includi~zg projected capaklities 
for data coimpression and s torage ,  The location and 
c~ipabilitles of sustabl e grouild data  statiorrs N e r E  cconside:*cb 
in1 cor.?ijurirtion with on-board data storage and orb i t  para- 
meters , which would dictate eaxirril_rzrn data liandlirlg 
c apacity , 
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?aiiEl CIIEEbIWOOD - N A l i O N A L  MARLYE FISHERIES SERVICE {NMFS) FISHERIES POLLUTION - 
rFOtt WARMV BULLIS) 

3. CARPERTEWlWKL COAST AND GECDETEC SURVEY ARTOGRAPI-IY HAZARM 
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r , re-P 
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OCEAN DEVELOPMENT N\lSTEAD OF ROBERT WALKER) 

h.  H. CLOY5 CALIFORNIA DEKARVMENT OF FlSH evp GAME FISHEREES a <  

.'i 

FISHER,E$ * " . '* EC GREEWHi3QQ - ' - CALIFORNIA DEPARTMENT OF FISH AK$-GAME 
r i g < l  . f i . *  e 

ROBERT LEWIS CALlFORMlA WATER QUALITY BOARD POLLUTION 
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FRANK ALMRSQN 
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' **  , :=i C ' & , : l :  

RICHARD PADRUGA (FISHING VESSEL CAPTAIN) -.Y+ .:> FISWERIE~ " "" '> 

ABMIR.4L LESLIE GHERB (MNAGER OF NATIONAL WRINE T E ~ / ~ \ ; ~ ~ N A L  - '-.a "FCSHERIEG- r ~ . * +  
A N  OPERATOR OF TWELVE TUNA VESSELS) 
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Table 2,  Ultimate Sensor Design Coals 
VISIBLE AND NEAR BR SPECTROMETRY/IN\AGING 

O E S  

IMXIMUM RSZRFOMNCE GOALS 0.4- 1.2 - ',,%$ + . , ba.-Lr.t-p;. 50 6,8 - 1.8 

MINI MU^ WRFORMNCE GOALS 0.4 - 0.7 : - %  ~,-'--.~.yk?i. .<: 3o t /+' ,  , '$*I e l.0 
- 9 , 1, i :  -- 

GL!lPEa"L . 'rZ.2, - -, . - 
BD 

- .z-G..+. :c A;%j",.<:**- 
M X I M U M  PERFORMANCE GOALS 0.4 - 0.7 GLITTER f; ' a KO - $0.0 X: 

, ", .? ' :+ - " r  PATTERM r i ; + r : ~  

MINEMUM %WOWWEE w&cS . &.$-- 3 i 7  BD $0 GLITTER 2.Q - W.0 ir 
PATTERN 

FISHERIES. 
3 , .  .. : .. - ^ - %  

, * , .yy<?k-." 
OCEMIU COLOR 
pp 'I-/ " - .  I *  >v,-#-i r , :; >,: 'j* 

MXrPnUM PERFQRMNCE WALS Q,4 - E .2 r - . + -  3 &@$ a 0.01 - 0. B 
" & ;$::) 8":??c> , %  

r ... 
50 

. x .  

~ni.dliauiq PEWFORWC;! GOALS 0,4 - 0.7 5.05 900 0.1 - 1.0 7 
7 "  , - -  "'I<& L , ; A  ' % r  * ,+, "-.*%**& . ' ,.: * 

m w ' 
GL1TT t%t SEMOR - , -  - Y 

j r .  

~ l i b t ~ ~  PERFORM~~CE GOALS 0,4 - 0.7 BD , ., - - '*<: i&@+.;b~ Y , ,:? Tw I- -. -. I*,ir-.1:'.$9>l!p*" A ? 

MINIMUM PEREORWNE @oats, 0.4 - 17.0 . ...< ..??I, : -, , I - ., sa 3.0 - 10.6 
* 0 1  ,. .-..-,, * <  ;: ":<;:' 

< -  _I - - ' b , - ' .  -J 
G m N A L V S I S  

. * I  . !I";- 

bmrnviuM P E R F ~ ~ R ~ & E  F&LS' '. %:42%?' ED 100 ENTIRE 1.0- to,@ 0 
:.t :,+ - - - - - ,  

-2 .  . -  2. , * . SC : i e;L!TTEW, 'C  -:?#\'vw:- 
PATTERN 

MrNW!MIEI$PBWNm GOALS 0..4 - 0.7 , - , BQ- . " , .a3?: , 1 W 1 .O - 10.0 . ,  * I - -.". 
< >,.!* < ' 

, .  . , ,  ..... 
POLLUTION. ..... . .......-. . . . .  ... . * .  ' < " . i  -*, . : 6. : ir:. .;; ,* ' *rL... . .;,;.;-,. i,,,,,'? I :. 
--------ltx-. 

t1:..:. . ? i..$."..'. : 4':' 2X.Y 53: 
I . .  .'...I..... -..,--*. -'(. --. -.... --.. .. . . . .  *I_..,. -...I" -.<. -- .....-.. -^ ..... ._..--.. - A_._.n.(..... . .___-_ ........l. .,__,, ...-,. ,-,* "_,___~ 

. ... ~ C ~ ~ ~ C O ~ o $  
.%,: : z:, ..: . , ..*, . .... , . , s : . .  : , , .r.- 
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.C. 
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GOALS ., -.,9>+. ,?,:,?.._- . -. , . .- Q-:Q!-., . .  .... -. ....... 'oc! . . . . . . . . . .  . . . . .>  i:cl.:=f~-zii. ......,..,,. - .--_...-h.,--.-,... . ,_,.._..,. 
MINIMUM PERFCaRMNCE GOALS 0.4 - 0.7 @.@ 300 50 0,BB - f,O 7 

G Z  - < ,--Lm & :;;I; > A ' - ;  :-;? 2 2-1;: z<,y 
J~AXIMUM PERFOWNSE GOALS 0.4 - 47.1~ %a -'& i w  EMIRE 

GLITTER 
PATB ERN 

MiNiMUNi PERFORMNCE GOALS 0.4 - 0.7 BD 1 OGP SO 1 ,Q - 15-0 f - 
SUBJECT TO ORBIl/COVEMGE ANALYSIS 



= 18;nirn~$ii1 an2 : > p ~ i r r ~ u n ~  S ~ ~ S Q T  groupings were established 
%~ri&ln scatsonable 5011rrds for total payload weight, 
p % w e Y  ~ - ~ d u i x r n e r i ~ s .  and data rates for each pr.igriiy, 
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e Tge relevancy sf performing each mission was also i * 
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asjse s sed. I -. 
RESULTS , ----- 
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study resuits show tdgre i s  a sigPficant .',* nee& for 

to Coasts: Bo~lution <nd ~ i s h e r i e i .  For 
( *  f 

~ a r t o ~ r a ~ h ~  priority, there are require 

fulfill, and vrhich wil l  not be provide$by othqp spacecraft tbe 1978-76 
- ~ 8 1  

x 
time irnrne; A mission dedicated td= the 1ja2ards priority ,*abld no$ pro- 
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vide Gy nificant additional infor mqtiqa l - 'boxor$ that currentl. 'ilanneit by 
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nthei .spa.cecraft programs, such - . .  a s  i$imb~pi 
S t  i 
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The ke$uit$ of the study a r e  documeeated in such a-hannerci t ~ k  if n@w . , 

infoih&tio6 > ,  needs a r i s e  they coul j  be translated into new 1se;sor r&uire- 
i - .i 2 i .  i 

* < i  
menZs,' 6r the capability of new s$nsors canbe  evaluated. ., : i C 

1 ' 

) (-i . 
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The ,roi-qmhended optimum and minimum payload g roup iq  p$r each 
* 1 

priority an4 a multi-prioiity optimum grouping h containbd in Tables 
1 1  c 

3 ,  4, and 5, iespeccive?y. Table6  containiithe recorn-mhded orbgtab 
* . > characteristics %a$ the st5 groupirigs, I w ": 

3 
i 

* *  

The ryecommtudkd sensorA groupings contain only .one! existind sensor. 
\ 1 

,* i 
the sun glitker RBV sensor. All other recornme$ded sebsjord require 

i > ; t  
devel&gment, This i s  due to coastal oceanic phenorrfen& deqdiring$&, 

1 
) I  o $eryfinespectralresolution i 

9 Very high instrument sensitivity 

c Fine spatial resolu&ion 

T51 ~Lae L-q;l""e of a -ecom~~snded  orbits are near polar sun-syalchr~-lan~ls which 

have a very s law eastward transIation,and require 48 days for co-mplete 

global coverage, An orbital altitude of 300 rirni is also recomme~~rled, 
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Table 3 .  Summary of Optism? Sensor G ~ Q I U ; P & ~ S  (MOFk4I Altitude) - 
, , .  * .  *-- 
I - -  2 - - '4 - - -- - -. * . , ' tr .  8 i . - 

e l r  
-c, - ----- 

WITH POINTING 
MIRROR P = 0.4 TO 0.9 P =  10 TO 12.5 ; -f = r)l) GHz . . ,_1 

a & =  6,50TO 0.bb or = 0.2 AN8 45 = 300:- - - b- 7 - - b f 6 - L ~ 3 . 9 b ~ r  : &7&, - ataow* 
A$ 175'/PIXEL rsS = 75'(5~),3(10'fNB) 5 = 200 t*9M S' 5 "AS %;3@3$% * .  

..'/ a ,  IWXIWNMgRAME f=100NM ': = o.~,:NE~ = o.-?I; - "s =,;@XI tea . *- a 

2. - . "  It%. 1 DYNAMIC B~%GE < - .. -< * 
: w  . 

e" "- %. - 
- 4  

FtSqERlES SAME AS ABOVE * ' 

L - .  
HAZARDS. MULTI-SECTGL - & M E A S  

- l i W G f N  SENSOR_ 
.Y = 0.4.TO 0.7- 
' & i r=O.T -  
rS = 100FT . " J = POONM 

-MULTI-VECTRAL 
>GMAGIP16 SE~SOI _ 

P = 0.4%00,9  ., . -v% 
, A P = 0 . % .  

$S = 106' 

-.'.--- '---"--T 
LEGEND: 

I: FREQUENCY 
3f =;BANDWLDTW 

ak- $PECTWI M ~ G E ,  M I C ~ M S *  
4PECTWIIL RESOLUTle)NLL;knlC&13NS 

hS = SPATIAL RESOLUTION (BCTURE ELWENTI - 
*- .'-. .._ .. , *- .-. -?? i: 4 & : A $,y i;< 



Tabie 4. Summary of Miairnugas- S e i t ~ ~ i "  Groupings (3170 NME 
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IMAGING SENSOR CONSCAN 
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AP = 0.2 AND 0.01 AS = 300" 
AS = 75"(BB),3C"J'(NL) S = 200 NM 
5 = 108NM AT = 0.5,NEAT =O.I'K 
SENYTIVITY: 9.1 TO 5 

+, ,.*?/A4 -ST -y 
1' 4 i ., _- -- BC " 
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. "  
" & 2- i 
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9 - 
C L a*., 3-J 
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f - 19 GHz, hf = 6' K 3.11' x 6 . 7 ,  
IJ = 0.4 TO 0.7 4% x5", 2.1' r 2.) 
AP = cur -300 MHZ 
A$ = IOOFT AS = 10 NM 9 *' 470 ea, *%7v4 .; 

5 = 100 NM S = 21W NM 
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-, - -- 
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hf = bAM5WIDTI-I NEAT = MINIMUM DETECTABLE TEMPERPaWRE DIFFERENCE 

PI = SPECTRAL RANGE, MICRONS AT = ABSOLUTE SENSOR TEMPERATURE CALIBWTION 
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Table 6, Selected Orbit% 



The advaptage of this  type 04- orbit isfthat geographical areas can be 

viewed on a daiiy'basis for p&iods.~k-t& ten days, The duration of d a i l y  

coverageidepends upon the sensor fiejd of tiew, the size of and the - - ."* -41 -11 . ' .  , 4 2 
latitude Qf geagrap1.lic areas of i n t e ~ s t ,  

+ 

' t.5 Z'- 62% h -  

e t 
P 

The finaGrecommnded cyclic frequency f r complete equatorial zone . C -. ,- I , _  - . 7 . . .  , . -  8 
coverage! requires further investigatipn.. Towever, with this type of 

orbit neak *ily c,Gverage can be provide&s$n a worldwide basis. 
t i i  i 8 s3 t < 4 .  , i; 

I ' t' > , , 
! .  . J < ,:; ! 

Another $ ~ v & f i t a ~ i 3 - " d f f P k r i . ~ ' t ~ ~  of 0rbi.t %"$hat with a modest amount of 
f 

velocity ibcremertcf; daily coverage q+n be obtained for any desired 
j >.+I + I  ,'> ( 

length of $in$;.. &us, .p: i.&lect@ + . geogiapgic areas  such as  the west coast 
i I ." 

or any ot$e$$iinfli&t sel'&cted g e o g r ~ p h i q a r e a  can be viewed on a daily 
f 

basis, 1G. i~- tbus~rec~mmended that the -sp,gce platform include in-plane 
i I 

velocity adjust capability for this pur ose. i 
1 C *  P z f  
i t -; 
s .. L : - 4 %  

*'I $ 1  $ 2 2  

The geogbaG6ic a;kas u%ed ini%stab~4hi&g the data load a r e  pres2nted in  
4 i 5 I 

Figure 2.1 -. It was--as suFned that .orbits and.-tystem sizing will be b'gsed on 
i ,..* 

U. S. coastal requirements only. This d o ~ l d  still  permit substan~ial  
j .,. i r ,  ? -  -4 

support tb other c3untrl&s, :%I biit ,.. , only9ds %~$~lopment of non-U. S, r o u n d  
I 5 --  3 > 

stations and use df the satelli'te ~ f f - ' d~ t$&~k lee  relative to U. S. c3astal 
- a  $ 

b- 

1 :  r '* 
waters pkrmitted, , ,$ .!, ~ !r * 

T O  size the data '$;oble& fo i  ,k. S;> coasi61 zones , including HawaI;? and 
$ 3  2 : . . 

Alaska, we fiavb' hkgmented tlie co&stti<@s and ranked each area gy its 

relative importance for each of the nkti&& coastal zone priority problems. 
. - - - .  c . ' . . i  

Three le ie ls  of importance were usea in -. r$nking c the various coastal areas: 
I 

I )  i &jar area  of importance &irectgY affects U. S, interests 
i. 

2) Less c2itical a r ea  br may only i-ndirectly- affect U, S, interests 

3 )  Area of limited concern or. idportance to U. S, 
i I 

The results of this work are summarized in Table 7, Coastal regions 

other thah the U, S ,  are also included in  the table since they are of some 

impor t a~ce  to U, S ,  interests,  particularly for fisheries, The coastline 

mites shown represent the distance along the shoreline where coverage is 
J 

desired, The total coasziline*mi tes corresponding to each irrational 

priority c a t e g o r i  are presented in Table 4": These results, coupled with 

the resolution and sensor field of views were used to size the data load, 

which was found to be comparable to the ERTS A/B data load, 
t .  

a 9 1 Z: 



SENSOR CLASS 

POLLUTION FISHERIES HAZARDS GEOGRAPHY 
(DAYS) (NMI) (DAYS) (NMI) (DAYS) (NMI) (DAYS) (NMI) 

OBS. FREQ . F .O .V. OBS. FREQ. F .O .V . 00s. FREQ. F .O .V. OBS . FREQ. F .O ,V. 

VISIBLE AND NEAR 1 -7 100-200 1 -7 1 00 1 100 14 1 (DO 
SECTR(CBMEGRV/IMAGING 

RADAR SCATTEROMETRY/ 1 100 1 100 1 100 7 100 
IMAGING 

MICROWAVE RADIOMETRY 

F i g u r e  2. Geographic Regions of I n t e r e s t  



Table 7. Total  Miles  of Coast l ine  Gaverage 

POLLU71 ON 2200 2300 1400 5,900 

FISHERIES 61 00 7500 12,200 25,800 

H A a R D S  7300 3200 1 1,900 22,400 


